A cynic once said that swallowing was merely the putting of something into one orifice only for it to come out of another in altered form. However, everyone knows there is a little more to it than that and in this paper 'deglutition' will be discussed under three headings: normal, abnormal and bizarre.
Only the first and second stages of swallowing will be considered, ie the oral and pharyngeal phases, which includes the cricopharyngealsphincter but not therefore the oesophagus.
As far as anatomy is concerned, it is worth remembering that the pharynx consists of three fanshaped constrictors on each side which join in the midline posteriorly to form a muscular tube. The lower half of the inferior constrictor is the cricopharyngeus, the two muscules, together with the back of the cricoid cartilage constituting the cricopharyngeal sphincter which is the junctional zone between the pharynx above and the oesophagus below.
The motor nerve supply to the pharynx is derived from the X cranial nerve and although several authors have suggested that its recurrent laryngeal branch innervates the sphincter as well as the larynx, cine films of swallowing performed in Oxford on 40 patients with bilateral recurrent nerve paralysis showed no derangement of sphincter function.
Swallowing is a complex manoeuvre involving many nerves and muscles, the first or oral stage being a voluntary one, whereas the second or pharyngeal stage is reflexly produced, being initiated by the bolus arriving at the back of the mouth.
Normal swallowing
Oral phase In the first stage the tongue is involved in squeezing food out of the mouth into the oro-pharynx. Its anterior third is mainly responsible for procedures requiring manipulation, ie taking food from a spoon or fork, lapping, licking etc. The middle third of the tongue is concerned with the expression of food onto the molars for chewing and passing food into the upper lateral food channels at the side ofthe tongue. The posterior third acts as a wadge of tissue in the pharyngeal phase of swallowing, which when opposed to the soft palate and pharyngeal constrictors displaces the bolus downward and also helps to turn down the epiglottis.
Pharyngeal phase
In the erect position the first half of the bolus of food is passed through the pharynx into the oesophagus by means of thrust from the tongue assisted by gravity. The peristaltic wave usually commences when the tongue expressor wave reaches the soft palate. With a moderate sized fluid bolus, the head of the bolus has often entered the oesophagus before the pharyngeal peristaltic-like wave has commenced. Peristalsis moves rapidly and smoothly downwards, clearing the pharynx of the hind part ofthe bolus and pushing it through into the oesophagus. Normally no hold up occurs at the cricopharyngeal sphincter as the wave of relaxation, preceeding the contraction of the pharynx, reduces the resting tone of the cricopharyngeal muscles. The peristaltic or expressor wave involves the sphincter as it descends, producing tight closure of it, the sphincter then relaxing and returning to its resting state after the peristaltic wave has passed.
A certain amount of controversy has occurred as to the action of the epiglottis. However, analysis of many cine films of swallowing show that the bolus is usually directed down the midline of the tongue to the level of the median glosso-epiglottic ligament when it is deflected into the vallecula on either side. The epiglottis is then tilted backwards towards the posterior wall arched like a monk's hood. It is actually swallowed in the bolus and serves to arrest the head of the bolus as it descends on the back of the tongue. As the bolus accumulates upon the epiglottis it spills over the lateral pharyngo-epiglottic folds into the lateral food channels on either side of the mouth of the larynx. The two columns then meet lower down over the back of the cricoid at the level of the upper border of the cricopharyngeus which opens to allow the bolus to enter the oesophagus.
The efficiency of the peristaltic or 'stripping' wave is graphically demonstrated by a subject swallowing upside down. The bolus is easily pushed vertically upwards through the relaxed cricopharyngeal sphincter into the upper end of the oesophagus. The sphincter then closes, the bolus being prevented from running downwards into the pharynx by the resting tone of the cricopharyngeal muscles.
A second swallow is produced with an initial wave of relaxation passing upwards through the pharynx to involve the sphincter. The first bolus is then able to flow downwards by gravity through the now relaxed sphincter where it mixes in the pharynx with the second bolus. The combined bolus is then finally passed upwards by the secondary expressor wave with clearance of the pharynx.
Closure of the larynx is achieved by a number of manoeuvres, viz, rocking of the arytenoids downwards, forwards and inwards, tilting of the epiglottis backwards, elevation of the larynx under the protection of the back of the tongue and an intact sensory nerve supply to the inlet of the voice box.
Abnormal swallowing
Swallowing problems are very common and excluding acute infections and tumours, the latter fortunately being rare, they usually present as a feeling of a lump or something in the throat in the midline at cricoid or suprasternal notch level. Assessment is based on the history, examination and investigations, the relationship of the symptoms on the one hand to 'quilting', an Oxfordshire and Berkshire term meaning swallowing saliva only, and on the other to swallowing food being of great importance. A feeling of a lump which is only present on quilting but is relieved by a meal, is seldom anything serious.
Routine examination of the upper alimentary tract is carried out with a mirror or a flexible endoscope, and occasionally with a rigid instrument under a short anaesthetic with, however, no abnormalities being found in the majority of cases.
X-rays and, in particular, cine-radiography or video fluoroscopy of swallowing are especially helpful, but the indication for requesting them must be kept in mind, viz, a persistent lump in the throat at a constant site which is affected by swallowing food and drink, but is not related to quilting.
An analysis of a hundred consecutive cine films where clinical examination was negative showed a variety of conditions present. These comprise gastric reflux, post-cricoid web, a small pharyngeal pouch, cricopharyngeal spasm and a pharyngeal palsy. Reflux is the commonest abnormality with, however, 80% of the patients being completely normal on X-ray.
Much debate, therefore, has occurred as to the cause of this very frequent symptom of a lump in the throat, where clinical examination shows nothing wrong and radiology is unhelpful. Too often the label 'globus hystericus' has been used when cine-radiography, as distinct from a routine barium swallow, has undoubtedly demonstrated local causes albeit in a small percentage of patients. However, there is considerable evidence now that many more patients than previously realized have unsuspected reflux oesophagitis associated with what might more accurately be called 'globus pharyngis',
The aetiology and treatment of this condition has been ill understood for many years but Batch 1 • 2 conducted an excellent research project on the problem which earned him the Down's Travelling Fellowship in 1986. His investigation was into the theory that globus symptoms are related to gastrooesophageal reflux. One hundred and thirty-six patients were involved in the study, they comprised 3% of all new clinic referrals, women being affected more than men. The history was all important with investigations including fibre optic endoscopy and biopsy, 24·h oesophageal pH monitoring with an electrode passed within 5 em of the gastro-oesophageal juntion, and to a lesser extent the Bernstein test, namely perfusion with 0.1 normal hydrochloric acid down a nasogastric tube reproducing or not the globus symptoms.
Batch concluded that globus is a real disease entity and not a manifestation of psychiatric disturbance. The symptoms in 60% of patients can be definitely related to acid reflux, and energetic treatment with Gaviscon, Maxilon and Cinetidine significantly improves these patients. The response is regarded as the final investigation confirming the association, although a major problem is the definition of an abnormal state as large proportion of the normal population have an asymptomatic hiatus hernia, and many patients with reflux symptoms do not have globus.
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Posterior pharyngeal pouch
Turning to other conditions noted on cine-radiography, a posterior pharyngeal pouch or Zenker's diverticulum requires special mention.
The pouch arises between the two halves of the inferior constrictor, namely above the cricopharyngeal sphincter but below the thyropharyngeus. As seen on many cine films of swallowing, its mechanism of formation is due to a combination of a weak constrictor wave or pharyngeal paresis, and early or premature closure of the cricopharyngeal sphincter. It can be likened to squeezing a toothpaste tube from above downwards, which is analogous to the expressor wave, when a sudden squeeze at the bottom namely the cricopharyngeal sphincter abruptly closing, produces a bulge or pouch between the two flattened portions. If pouch symptoms are severe enough, surgical treatment is necessary, as outlined in Table 1 .
The technique of inversion of the pouch with cricopharyngeal myotomy advocated by Freeland", as distinct from removal, certainly has the advantage of short hospitalization, but is contra-indicated in the large pouch with the wide neck. The Dohlman's procedure is useful in the very elderly, where the spur between the sphincter and the mouth of the pouch is diathermized through a special forked oesophagoscope, thus converting the lumen of the pouch into that of the gullet so that the bolus goes down the correct way, a technique of which the author has little experience.
Cricopharyngeal myotomy, that is dividing the sphincter, is limited to a very small group of patients where the pouch is not big enough to excise, symptoms being due to the incoordination between the pharynx and the sphincter, the operation abolishing the premature closure of the latter. However, the usual method of treatment is excision of the pouch, namely diverticulectomy which can be attended by significant complications, the most important one being a pharyngocutaneous fistula (see Table 2 ).
This series showed a very high incidence of fistula formation but it is relevant that a large number of surgeons were involved in this series, diverticulectomy being a comparatively rare operation for the individual operator. In the author's series (Table 3) there have been no fistulae during the last 10 years since using the same technique for closing the pharynx as described below.
Technique of diverticulectomy
Before opening the neck, a large nasogastric feeding tube (size 18) is passed and the pouch packed with 2-inch ribbon gauze soaked in yellow flavine emulsion. However, difficulty may be encountered in locating the opening of the cricopharyngealsphincter. This is facilitated by placing the tip of the oesophageal speculum behind the cricoid and deliberately lifting it forcibly forwards. This widens the space between the larynx and the vertebral column, the entrance to the sphincter becoming more obvious as a dimple or slit in the mucosa. The feeding tube is then introduced through the speculum in front of the spur, between it and the neck of the pouch, and then re-routed through the nose where it is firmly secured with zinc oxide strapping. The pouch should be packed firmly remembering that its lower end can be quite thin. The pack is allowed to overflow into the hypopharynx, its proximal loose end being led out of the mouth and strapped to the cheek.
The neck can be opened from either the left or right side and depends entirely on the surgeon's choice, being dictated by whether he is left or right handed. A straight incision rather than a collar one along the anterior border of the sternomastoid is preferred as it gives better exposure especiaIly for large pouches. The upper end of the incision is at the level of the midpoint of the posterior border of the thyroid ala, and the lower end carried into the suprasternal notch.
Following identification of the sternomastoid muscle, the superior belly of the omohyoid is divided and the middle thyroid vein secured. The space between the pharynx and oesophagus medially, and the carotid sheath laterally is then established. At this stage the inferior thyroid artery may be encountered which should be ligated and divided, care being taken to avoid damage to the recurrent laryngeal nerve. A temporary stretching injury may also occur as a result of excessive rotation of the larynx away from the surgeon in order to expose the pouch. It is easily identified with a finger placed on the anterior aspect of the vertebral column and then passed downwards towards the superior mediastinum and behind the oesophagus. The feeding tube can be felt through the posterior oesophageal waIl below the pouch, when bringing up the finger from below its fundus can be felt as a hard swelling from the tight packing. It is then grasped with Allis forceps and carefully dissected off the oesophagus up to it's neck opposite the cricoid. At this point it is difficult to tell where the neck ends and the pharynx begins. Dissection should therefore continue until the feeding tube can be felt through the posterior pharyngeal wan, hence the reason for having a large tube. Stay sutures are positioned on either side of the neck which now appears to be running vertically rather than transversely. The pack is removed slowly via the mouth by an assistant and a small Peyer's intestinal clamp placed across the neck just behind the feeding tube, the pouch being excised along the blades of the clamp. The pharyngeal defect is closed with a continuous loose catgut suture over the clamp which is slowly removed as the catgut is tightened loop by loop. Using the same stitch the first suture line is oversewn taking quite generous amounts of pharyngeal wall on either side.
The skin is then closed in layers and a Penrose drain inserted for 48 h. A contrast swallow is done 5 days later and if water tight the feeding tube is removed the following day.
A cricopharyngeal myotomy is unnecessary, it can be followed by significant pharyngeal reflux and in any event it is most unlikely that a patient will develop another pouch in his life-time.
Pharyngeal paralysis
The last entity to be discussed is pharyngeal paralysis, namely neurological dysphagia which may be due to a variety of causes. In the ENT literature the role of cricopharyngeal myotomy in pharyngeal paralysis is mentioned from time to time but no large series of patients has been investigated in depth as to the precise value of this operation.
In this connection by courtesy of Dr G Cochran, Mary Marlborough Lodge, The Nuffield Orthopaedic Centre, Oxford, 60 patients with motor neurone disease have been assessed over the past 18 months by a detailed history of their swallowing symptoms, specific signs on examination noted, viz; tongue protrusion, palatal movement, constrictor activity, vocal cord movement and pooling of saliva, followed by a cine-film offunction. Up-to-date, it has been felt that myotomy was justified in only 10 patients, all of whom, except one, have had an improvement in their swallowing. It is interesting to note that the decision to operate has been mainly made on clinical grounds rather than radiological findings. Thus the age of the patient, duration of the disease and the rapidity of onset of swallowing symptoms, the degree of dysphagia and laryngeal spill over, and the extent of the hypoglossal paralysis are all important.
The cine results are very variable with in particular the cricopharyngeal sphincter sometimes in spasm and incompletely open, but on the other hand also frequently flaccid. The former situation, present in an upper motor-neurone lesion (pseudo-bulbar palsy), is more likely to produce severe dysphagia, when consideration for a myotomy should be made in the relatively young person where progression of the disease is slow, swallowing problems have presented themselves comparatively recently but are not too severe, and reasonable tongue action is still present.
However, the decision as to when to operate remains a difficult one, but it should be done sooner rather than later and certainly not in patients with a complete bilateral hypoglossal paralysis, as this has removed a most important component in both the first and second stages of deglutition.
In other forms of non-progressive pharyngeal paralysis, for example, brain stem vascular lesions with normal tongue action, it is eminently worthwhile waiting before contemplating a myotomy as many of these patients will eventually improve after several months in spite of a complete pharyngeal paralysis on radiology.
Cricopharyngeal myotomy
The approach is exactly the same as for a pouch. The whole vertical length of the inferior constrictor (thyro-and cricopharyngeus muscles) and the upper oesophagus should be exposed. A short medium sized oesophagoscope is then passed and a vertical incision made carefully through the muscle fibres down to the submucosa. It is important not to have inserted too large an oesophagoscope as the mucosa in this region is very thin and if unduly stretched is easily perforated. It is necessary to divide more than just the cricopharyngeus, the incision being carried well up onto the thyropharyngeus and down onto the lateral side of the oesophagus, thus effectively dividing the so-called 'upper oesophageal sphincter'. The incision should be at least
Bizarre swallowing
Turning to bizarre swallowing, it is quite extraordinary the amazing variety of objects people swallow. There are a number of reasons for this; financial gain, an obsession or an act in the music hall, circus, fairground and, more recently, television.
These have ranged from enormous amounts offood and drink, to all sorts of metal objects -keys, rings, pieces of chain, razor blades; progressing to electric light bulbs, chewing up drinking glasses and finally live creatures such as goldfish, mice, frogs and -the mind boggles -even white rats.
Stone eaters or lithophagus' have been known since the Medieval ages. As recorded in The Book of Wonderful Characters -Memoirs and Anecdotes, 1869, they swallow flints of impressive size, but stones which can be reduced to powder, such as marble, pebbles etc., were made up into a paste providing a most agreeable and wholesome food. The pre-requisites for this diet includes; 'a gullet very large, teeth exceeding strong, saliva very corrosive and a stomach lower than ordinary'.
Apart from food and drink, there is in the trade a very definite distinction between the amateur and the professional, the former merely swallowing inanimate things and hoping that his digestion will cope, and the latter, who has learnt the act of re-gurgitation, bringing up the object under strict control.
However, the two most celebrated arts of swallowing are fire eating and sword swallowing.
Fire eating
Fire eating is an ancient practice, Peruvian priests having used it to cast spells, sorcerors were ironically burnt at the stake in the medieval ages for doing it and to this day witch doctors still indulge in the practice. Apart from plunging a burning taper into the mouth, there are several variations to the routine, with the real experts inserting anything up to four torches simultaneously. Some of the burning petrol can be wiped off the tongue, another torch is then taken and lit from the flames coming out of the mouth. Petrol fumes can be deliberately swallowed, puffed out and then set fire to as they hit the air, an effect called 'the human candlelabra' with pretty fountains of flames.
The torch is a piece of wire with a handle at one end and a hook at the other. A strip of rag wadded into a ball is fixed onto the hook, soaked in petrol and when lit produces a flame about two feet in length. As far as technique is concerned, there is no alternative to many weeks of practice. Fire eaters in training have to accept that they will get burnt with considerable blistering of the mouth and lips. These must be wet, the torch held at the correct angle of about 75°, the head pushed right back and it is rather important, as can well be imagined, to breathe out at the correct time.
There are conflicting theories about the physical principles that make fire eating possible. It may be that the extreme heat of the flame coming suddenly into contact with the moisture inside the mouth creates a thin layer of steam which acts as insulation. Interestingly enough, fire eaters never seem to get secondary infection ofthe mouth, petrol possibly being a good antiseptic.
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It is useless coating the inside of the mouth with a chemical that resists heat, it merely poisons the person and anyway, as any good performer will tell you grandly 'fire eating is an art', and underhand tricks must not be used.
Sword swallowing
Turning to sword swallowing, this art is very old. Travelling jugglers did it for the Pharoahs, Agrippa mentions seeing it in ancient Rome, but he was somewhat drunk at the time and later ascribed what he saw to the wine. Remy, the great 15th century philosopher decided sword swallowing was done with the aid of demons. For a long time many people thought it was a fake with the blade folding up into the handle. Robert Houdin, the famous French magician was sent by his government to Algeria, towards the end ofthe last century, to expose the Arab conjurers. He could explain all their tricks except sword swallowing.
Many different types and sizes of implement are used, including swords, cavalry sabres, rapiers, bayonets, scissors and even a giant corkscrew. The latter in particular produces a horrible effect, making the Adam's apple leap about.
Swords vary in length from 8 inches up to 2 feet and are usually bought from pawn shops where they are cheap. They require to be nickel plated to make them smooth, it is important to always wipe the sword before swallowing it, because even the smallest particles of dust on the blade will produce retching. It is also essential to ensure that the blade is firmly fitted into the hilt, otherwise it falls out and the performer really does swallow it.
The technique of course, is exactly that of passing a rigid oesophagoscope, the problem being to overcome the gag reflex and sudden closure of the cricopharyngeal sphincter which is the main obstacle. Most artists start training by swallowing a crude ball of wadding around a lead pill attached to a length of cotton. This is swallowed and pulled up repeatedly until the time has come to try a sword but even then it is some while before the throat becomes accustomed to the touch of cold steel. The length of sword that a man can swallow is determined of course by the distance from his lips to the pit of his stomach. Dan Mannix, a famous American performer, being tall was able to swallow a very long sabre with a blade of 26 inches.
There is considerable rivalry between swallowers and a few years ago the Sword Swallowing Championship of the World was organized between Mannix and a Hindu, Mohammed Ali. The latter had a considerable reputation calling himself 'The King of Swords', with an impressive repertoire that included swallowing a sword with a tin blade and then twisting himself around until the sword was bent inside him. Amazingly, he could straighten it out by contracting his stomach muscles and then withdrawing it.
Mohammed was obviously a man of considerable ingenuity as he also swallowed red hot swords glowing in the dark with puffs of steam coming out his mouth, having surreptitiously swallowed an asbestos scabbard beforehand off-stage. His finale was swallowing an apparently very thick sword which was really a sword in a scabbard, the latter being covered with aluminium paint to resemble a sword blade. He then pulled out the sword leaving the scabbard inside him. This contained paper flowers and the American flag which he withdrew out of his mouth with great gusto to the tune of 'The Star Spangled Banner'.
The final test between the two was who could swallow the longest sword. Mannix reckoned he could not lose as he was a tall man and proceeded to swallow a 26 inch sword making sure the hilt rang against his teeth. However, the crafty Indian, much the shorter of the two ate a heavy meal weighing down his stomach before the contest and won by swallowing a sword 3 inches longer.
A fascinating alternative to swords is the swallowing of neon tubes in the dark, when stripped to the waist and they are turned on, the light shining through the chest is pretty effective. Even sceptics are impressed. They are specially made, being thin, brittle 'V' shaped tubes with the ends sticking out of the mouth to which are attached the electric leads. This presents certain problems as they easily shatter and if too warm stick to the performer's insides, which would make for a difficult oesophagoscopy.
Accomplished regurgitators have already been mentioned. Training is much the same as for sword swallowing but it can take 6 months or more of steady practice before control is achieved. The act is probably a crude form of yoga and many people practice it as a health measure. Certain animals have the power and trappers have found it difficult to poison wolves as the animals can discharge the bait as soon as they feel the first warning pangs.
There was a delightful Austrian character who toured the Continent and used to say he was trained in the 'Viennese Ostrich School'. Although it was his living, he stoutly maintained it was also his hobby as other people go in for golf and bridge. To complete his act the Ostrich would swallow 20 glasses of water and then regurgitate it slowly to the tune of 'The Indian Love Call' played on a guitar. What a marvellous picture this conjures up!
